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Exciton localization in semimagnetic semiconductors probed by magnetic polarons
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Peculiarities of optical spectra in diluted magnetic semiconductors are used to find out the characteristic size
of the localized exciton state in Cd12xMnxTe alloys. Three methods for evaluation of the exciton localization
radius are suggested. Two of them are based on spin-related phenomena. The localization radius is calculated
from measured magnetic-polaron energies and from the degree of the magnetic-field-induced circular polar-
ization of luminescence. The exciton localization radius is determined for a set of samples with Mn content
varying from 0.1 up to 0.4. The results of the two spin-related methods are in good agreement to each other.
Their comparison with the results of the third approach based on the exciton linewidth analysis allows the
conclusion that both the electron and hole of the exciton are localized within the same volume. This latter
method, verified by comparison with two others, is applicable also to a wider class of semiconductor com-
pounds which do not contain magnetic impurities.@S0163-1829~99!08347-2#
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I. INTRODUCTION

Band-edge features of low-temperature optical spectr
direct-gap semiconductor compounds, and specifically
II-VI solid solutions, are known to be governed by excito
localized at alloy fluctuations. Localization mechanisms ha
been widely discussed during last two decades~see Ref. 1
and references therein!. The importance of these issues f
applications, such as engineering of light-emitting devices
transparent. Fluctuations have an impact on carrier trans
as well as on oscillator strengths and line broadening
light-emitting states of carriers and excitons. On the ot
hand, the semiconductor compounds allow us to vary ea
the degree of disorder by varying alloy composition. Th
experimental studies provide a variety of possibilities
testing theoretical approaches to the quantum mechanic
particles in disordered media.

Information on localized exciton states in semiconduc
alloys, obtained by traditional absorption and luminesce
spectroscopy, is rather limited. In fact, one can measure d
sity of states, oscillator strengths, and lifetimes. It is oft
difficult to separate contributions of these parameters into
exciton localization. Some progress has been achieved
time-resolved spectroscopic techniques. Now it is possibl
gain some information on hopping energy relaxatio
dephasing, and the exciton-exciton interaction.2 Neverthe-
less, new experimental information is still needed, especi
if it concerns the parameters of localized states which h
not been available for direct measurements yet. In this w
we get such information, namely concerning localization
dii of exciton states, using diluted magnetic semiconduc
~DMS! materials as a model. Properties of their spin syste
are employed for probing localized exciton states, beside
the information is extracted from the spectra of polariz
photoluminescence under cw optical excitation.

Optical spectra of diluted-magnetic semiconductors, e
Cd12xMnxTe, demonstrate all the basic features inheren
PRB 600163-1829/99/60~24!/16499~7!/$15.00
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II-VI compounds. Additionally, they have peculiarities re
lated to the magnetic component. Optical manifestations
the magnetic properties of DMS are due to the strong
change interaction that couples charge carriers to spin
magnetic ions. The interaction shows up most brightly i
magnetic field is applied to the crystal. The ionic spins, p
larized by the field, produce in turn effective exchange fie
affecting carriers, whose spin states are as a result split.
splitting energy reaches several tens of meV~giant Zeeman
effect!.3 In addition to the mean-field-induced magnetizatio
the magnetic-moment density of the ion spin system w
according to the fluctuation-dissipation theorem, fluctua
Due to the finiteness of the interaction volume, localiz
carriers are exposed to exchange fields of spin fluctuat
even at zero external field.4 These fields split the localized
exciton level to the energy of the order of a few meV,5–7 and
make a great impact on the polarization of photolumin
cence in weak external magnetic fields.8

Another experimentally observed effect, related to t
counter influence of carriers onto the spin system, is the
mation of magnetic polarons, which are small regions wh
magnetization is higher than one of the spin fluctuation.9 The
excess magnetization is induced and maintained by the
change field of a localized carrier. The carrier reduces
energy at the expense of the interaction with ionic spins
the value varying from units up to tens of meV. This value
usually referred to as the magnetic-polaron energyEp . It can
be determined experimentally from the Stokes shift of
photoluminescence line measured under selective excita
in the tail of localized exciton states.9,10

The giant Zeeman effect shows up in a similar way
free carriers and excitons as well as for localized on
Therefore, it gives no information on their localization. O
the contrary, the splitting of carrier-spin levels by fluctuati
fields and the formation of magnetic polarons are extrem
sensitive to localization, and are not observed for free p
ticles. Therefore, these phenomena can be employed to s
16 499 ©1999 The American Physical Society
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16 500 PRB 60K. V. KAVOKIN et al.
characteristics of localized states. Qualitatively, it was de
onstrated experimentally in quaternary compoun
Cd12x2yMnxMgyTe, where adding the nonmagnetic co
stituent, Mg, which gave rise to the alloy disorder leaving
magnetic properties unchanged, resulted in a strong incr
of the magnetic polaron energy.11

Here, we report on a quantitative study of the excit
localization, carried out on a representative set
Cd12xMnxTe samples with various alloy composition
Three independent methods are suggested. Two of them
based on spin-related effects, i.e., exploit the semimagn
properties of the studied materials. In the rest of the pa
we first explain the ideas of all three methods and derive
basic formulas. Then the experimental technique and res
will be described. Finally, values of localization radii o
tained by all three methods will be compared and discus

II. METHODS FOR DETERMINATION OF THE EXCITON
LOCALIZATION RADIUS

In this section, we discuss theoretical backgrounds for
suggested methods and derive the basic equations whic
low us to extract the value of the localization radius fro
experimental data. In fact, all the three methods descri
below give thelocalization volumeof the localized particleV
defined asV5(*C4(r )d3r )21, whereC is the wave func-
tion of the particle normalized by the common conditi
*C2(r )d3r51. The localization radius is defined asr 0
5@(3/4p)V#1/3. The question to what specific compone
constituting the exciton~electron or hole! should the mea-
sured volume be related, is of importance here. It is con
ered in each of the subsequent sections and finally discu
in Sec. IV.

A. From the magnetic polaron energy

The exciton magnetic polaron is known to be formed d
to polarization of magnetic ion spins by the exchange field
the hole~in Cd12xMnxTe holes have four times greater e
change constant than electrons, and therefore play the d
nant role in the interaction of excitons with magnetic ions!.9

The carrier-induced exchange fieldBex is proportional to the
squared modulus of the hole wave function, and thus is
inverse proportion to the localization volume of the hole,V:

Bex~r !5
1

3mBgMn
bJuC~r !u2'

1

3mBgMn
bJ•

1

V
, ~1!

whereb is the constant of the exchange interaction for
valence band,J53/2 is the hole spin,mB andgMn being the
Bohr magneton and theg factor of a Mn ion, respectively. I
follows from these considerations that the polaron energ

Ep'V•xBex
2 5S 1

3

bJ

mBgMn
D 2

x•
1

V
5S 1

3

bJ

mBgMn
Dx•Bex.

~2!

Thus, having measured the magnetic polaron energy and
magnetic susceptibilityx, one can easily findV.

The susceptibility is conveniently expressed through
parameters of the modified Brillouin function, that describ
phenomenologically the magnetic-field dependence of
spin system magnetization in a DMS:12
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x5mBgMnN0xSeff

d

dB
BsS smBgMnB

kB~T1T0! D
B50

5
s11

3
N0xSeff

~mBgMn!2

kB~T1T0!
, ~3!

whereN0 is the number of cation sites in the unit volum
s55/2 is the spin of a Mn ion,Bs is the Brillouin function
for the spins, kB is the Boltzmann constant; the effectiv
spin Seff,s, and the effective temperatureT0 , are phenom-
enological parameters that characterize magnetic prope
of the material. The values ofSeff and T0 are determined
from the excitonic Zeeman splitting and are well known f
Cd12xMnxTe alloys~see, e.g., Ref. 13!. Finally, we obtain

V5

S 1

3

bJ

mBgMn
D 2

x

Ep
5N0

21xSeff

s11

12

~N0b!2

kB~T1T0!

1

Ep
, ~4!

where for Cd12xMnxTe N0b equals 880 meV, andN0
21

556 Å3.
It is important to note here that the experimentally o

served magnetic polaron energy is nothing else than the
of the lowest spin sublevel of the exciton due to giant Ze
man effect induced by the exchange field. Having this
mind, one can determine a value of the carrier-induced
change fieldBex with the knowledge on the exciton Zeema
splitting and the magnetic polaron energy. For t
Cd12xMnxTe alloys studied in this paper the values ofBex
are collected in Table I and displayed in Fig. 1 as a funct
of Mn content.

B. From the polarization of luminescence in magnetic fields

Magnetic fields applied to a DMS align the spins of ma
netic ions, inducing a strong exchange field that affects c
riers. The splitting of carrier levels in strong magnetic fiel
~at liquid-helium temperatures these are fieldsB>1 T! is ob-
served immediately as the giant Zeeman effect. At low
fields, the splitting exhibits in the occurrence of polarizati

TABLE I. Parameters of the Cd12xMnxTe alloys under study
used for calculations. Two different values for the magnetic pola
energyEp are given for alloys withx,0.17 ~Ref. 10!. The first
value corresponds to the MP equilibrium energy determined
time-resolved experiments and the value in brackets is given for
excitation experimnets. These values coincide forx.0.17. ForBex

the values determined by means of Eqs.~1!, ~4!, i.e., in the linear
approximation for the magnetic susceptibility, are given.

x T0 (K) Seff u, (1/T) Ep (meV) Bex (T)

0.07 3.1 1.32 4.44
0.1 4.2 1.08 5.6 10a ~1.5! 0.83
0.13 5.4 0.9 5.6 12.9~8.2! 1.2
0.15 6.0 0.8 5.5 16~12.8! 1.54
0.16 6.5 0.76 4.26 17~13!

0.24 9.5 0.51 2.5 23.3 3.3
0.33 13 0.34 1.39 27 5.2
0.38 15 0.28 1.05 30 7.4

aExtrapolated value.
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of the photoluminescence signal. In particular, under ob
vation along the magnetic-field direction~Faraday geometry!
the luminescence is circular polarized. This reflects the
that the spins of the carriers are predominantly aligned p
allel to the wave vector of the observed light.

The spin of a trapped carrier is, however, exposed, a
from the mean exchange field, to the exchange field of
local Mn-spin fluctuation. As it was directly shown by th
experiment,5–7 the splitting of the hole spin in the fluctuatio
field is of the order of 2–3 meV. At helium temperature
this value is much greater thankBT'0.1 meV. For this rea-
son, the spins of localized holes and electrons are comple
polarized by local exchange fields which include both
mean component induced by the external field and rand
fields of spin fluctuations. At these conditions, the polari
tion of luminescence is governed by the average of
exciton-spin projection onto the direction of light over all th
localized states.5,8 To calculate the degree of circular pola
ization,rc , one has to know the mean-squared amplitude
the spin fluctuation. This value can be expressed through
susceptibilityx and the localization volumeV by use of the
fluctuation-dissipation theorem~FDT!. Such a treatment wa
done in Ref. 8, where the volumeV was implicitly expressed
via the magnetic-polaron energy along a routine similar
the one described in Sec. II A, and a good agreement w
experimental data was achieved.14 Here, we give a recipe fo
a reverse procedure, i.e., calculation ofV from the measured
slope of the dependence of the circular-polarization deg
on external magnetic fieldB, taken at weak fields:

u5
drc~B!

dB U
B50

.

Following Ref. 8 we use a Gaussian distribution for t
magnetic momentM of the region where the exciton is lo
calized:

FIG. 1. Values of the exchange field in the exciton magne
polarons for different Cd12xMnxTe alloys.
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w~m,B!5
1

~2p!3/2expF2
1

2 S m2
B

B0
D 2G

5
1

~2p!3/2expF2
1

2 S m222m
B

B0
cosg1

B2

B0
2D G ,

~5!

whereg is the angle betweenM andB,

m5
M

A^M2&
,

B05
A^M2&

d^uM u&/dB
5

A~d^uM u&/dB!•kBT

d^uM u&/dB

5A kBT

d^uM u&/dB
5AkBT

xV
. ~6!

Deriving the expression forB0 , we use the well-known re-
sult of FDT:

^M2&5
d^M &
dB

•kBT.

The circular polarization degreerc5(I 12I 2)/(I 11I 2),
whereI 1 and I 2 are intensities of the luminescence comp
nents polarized right hand and left hand, respectively. Fo
heavy hole that has the maximum projection of the spin o
the axis tilted by the angleg to the direction of observation
I 1}(11cosg)2 and I 2}(12cosg)2. By averaging with the
distribution functionw(m,B), we get

u5A2

p

1

B0
5A 2xV

pkBT
.

For a comparison with data of optical experiments it is co
venient, as it was done in Sec. II A, to express the susce
bility through the parameters of the modified Brillouin fun
tion. This results in the following expression for th
localization volume:

V5
pkBTu2

2x
5N0

21
3pkB

2T~T1T0!

2~mBgMn!2xSeff~s11!
u2. ~7!

C. From dependences of the linewidths of exciton absorption
and luminescence on the alloy composition

The methods, suggested above for the determination
the characteristic volume of the exciton localization, allo
finding V for any specific sample. With the knowledge
data for a set of samples with different alloy composition
one can realize an independent method of estimating the
calization volume, which does not use spin-related effect

Let us consider the compositional dependence of
width of the long-wavelength wing of the exciton absorpti
band. This wing is known to be formed by states of excito
localized at alloy fluctuations. As the observed line shape
a result of averaging over a great number of states, one
neglect its fluctuations related to a difference among real
tions of the random potential in different samples. This
lows us, for theoretical consideration, to substitute a se

c
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16 502 PRB 60K. V. KAVOKIN et al.
samples with different composition by a single sample wh
the composition is changed gradually. If the content of,
Mn in Cd12xMnxTe, x increases by a small valuedx, the
observed change of the long-wavelength wing results fr
shifts of the levels of localized excitons, induced by an a
ditional random potentialdu(r ). This potential is created by
additional atoms of the second component~in our case Mn!,
randomly distributed over the crystal with the mean conc
tration N0dx. The mean value of the potential iŝu(r )&
5(dEB /dx)dx, wheredEB /dx is the slope of the depen
dence of the edge of the corresponding band onx. At low
concentrations,x!1, additional Mn ions are governed by th
Poisson statistics, provided that one considers characte
volumes much greater than the unit-cell volume. Therefo
we find for the space correlation function ofu(r ):

^u~r !u~r 8!&5S dEB

dx D 2

N0
21~12x!dxd~r2r 8!. ~8!

The shift of an energy level can be calculated within t
first-order perturbation theory:

dE5E uC~r !u2du~r !d3r , ~9!

whereC(r ) is the wave function of the localized particle.
is easy to find that the mean shift of the energy, which equ

^dE&5E uC~r !u2^du~r !&d3r 5~dEB /dx!dx,

is just the change ofEB due to the increase ofx. This value
is the same for all the states, and therefore does not lead
change of the linewidth. The line broadening occurs a
result of dispersion of the number of atoms coming into
localization region of the particle. Combining Eqs.~8! and
~9!, one obtains for the mean-squared energy shift:

^d«2&5 K S E UC~r !U2du~r !d3r D 2L
5S dEB

dx D 2

N0
21~12x!dxE uCu4d3r

5dx•~N0V!21~12x!S dEB

dx D 2

. ~10!

Equation~10! gives an effective ‘‘inhomogeneous broade
ing’’ of each localized-exciton line. To calculate the resu
ing change of the whole spectrum, one has to know its sh
As it is shown in the next section, for Cd12xMnxTe at ener-
gies not too far below the free-exciton level, the Gauss
approximation to the shape of the long-wavelength wing
quite reasonable. By use of Eq.~10!, one can find the incre
ment of its variance resulting from the change of compo
tion:

d~s2!5^d«2&5dx~N0V!21~12x!S dEB

dx D 2

.

From this equation it is easy to derive an expression for
volume in terms of the experimentally measured ha
maximum width of the long-wavelength wing of the absor
tion line, DE(x):
e
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V5N0
21~12x!2 ln 2

~dEB /dx!2

d

dx
~DE2!

. ~11!

Equation~11! is immediately applied for evaluation of th
volume if the broadening of the exciton line is govern
mainly by one type of carriers—electron or hole. Und
these conditions, one has to substitute in Eq.~11! composi-
tion dependences of the conductance or valence b
dEC /dx or dEV /dx respectively, fordEB /dx. In this case,
V has the sense of the characteristic volume occupied by
wave function of either electron or hole in the localized e
citon state. If, to the opposite, the radii of electron and h
in the exciton are nearly equal to each other, anddEC /dx is
comparable todEV /dx, the best estimation can be obtaine
by substitution of dEg /dx5d(EC2EV)/dx instead of
dEB /dx in Eq. ~11!.

III. EXPERIMENTALLY DETERMINED PARAMETERS

In order to check experimentally the consistency of d
ferent approaches suggested above, we investigated the
toluminescence~PL! characteristics of Cd12xMnxTe epilay-
ers grown by molecular-beam epitaxy on~100!-oriented
CdTe substrates. Mn content was varied from 0.07 up
0.38. All experiments were performed with samples i
mersed in the pumped liquid helium at a temperature of
K. External magnetic fields generated by a superconduc
coil were applied perpendicular to the epilayer surface~i.e.,
in the Faraday geometry!. The photoluminescence was e
cited by an Ar-ion laser with the photon energy of 2.41 e
A quarter-wave plate and linear analyzer were used to
tinguish right-hand and left-hand polarized luminescen
signals. Energies of exciton magnetic polaron~MP! were de-
termined by means of the selective excitation method
scribed in detail in Ref. 10. In this case a dye laser~Pyridyne,
DCM Rodamine! was used for a PL excitation.

It is seen from Eq.~2! that the MP energy is linearly
proportional to the magnetic susceptibilityx and the ex-
change fieldBex. As x is a decreasing function ofx for the
rangex50.15– 0.4,15 the increasing values of the MP energ
~see Table I! should be related to theBex behavior, namely to
the increase ofBex for higherx. Characteristic values of the
exchange fields can be evaluated by means of Eq.~2!. They
are plotted in Fig. 1 for Cd12xMnxTe alloys of different
compositions.Bex is varied from 1 T up to 7 Tmonotoni-
cally, while the manganese content increases from 0.1 u
0.38. For a comparison, values ofBex obtained by use of
experimentally measured Zeeman patterns are also show
this case,Bex has been determined as the field that wou
have induced the Zeeman splitting equal to the doubled
energy@see discussion of Eqs.~1!–~4!#. Good agreement o
these data with values obtained within the linear approxim
tion for the magnetization, used in Eqs.~1! and ~2!, proves
the validity of the approximation throughout our set
samples. Note that the linear approximation is implied a
in the calculations of the polarization degree~Sec. II B!.

PL excitation~PLE! spectra were measured under dye
ser excitation. From the PLE spectra the parameters of
giant Zeeman splitting of the excitonic statesT0 and Seff
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were determined. These parameters for the studied sam
are listed in Table I.

The linewidth @i.e., the full width at a half maximum
~FWHM!# of excitonic photoluminescence and PLE, t
magnetic-field-induced polarization degreerc(B) and ener-
gies of exciton magnetic polarons were measured for e
sample. These experimental parameters are presente
Figs. 2 and 3 and collected in Table I.

An inset of Fig. 2 depicts typical PL and PLE spectra f
a Cd0.85Mn0.15Te epilayer, which are dominated by recomb
nation of excitons localized at alloy fluctuations. The P

FIG. 2. The full width at a half maximum of the excitonic line i
the PL ~open symbols! and PLE ~closed symbols! spectra of
Cd12xMnxTe alloys. The dashed line is a linear interpolation of t
experimental data. The inset shows PL and PLE spectra fo
Cd0.85Mn0.15Te measured at 1.6 K.

FIG. 3. The slope of the magnetic-field-induced polarization
gree of PL as a function of Mn content in Cd12xMnxTe alloys.
Examples of the polarized PL spectra andrc(B) dependence for a
Cd0.76Mn0.24Te alloy are shown in the upper and lower insets,
spectively,T51.6 K.
les

ch
in

r

excitation spectrum reflects the density of states for the
terband optical transitions. It has a pronounced maximu
which corresponds to the energy of a free exciton. The lo
energy wing of the excitonic line is formed by the exciton
states localized at alloy fluctuations. It can be well appro
mated by a Gauss function shown by a dashed line.
high-energy wing of the PLE excitonic line has a consid
able additional contribution due to band-to-band absorpt
~note that an exciton binding energy of 10 meV is smal
than the discussed linewidths!, which causes the asymmetr
of the line. We determine the FWHM of excitonic line from
the Gauss fit of the low-energy wing of PLE spectra. For
whole set of the studied semiconductor alloys linewidths
the PLE and PL lines give very similar values. Exciton
linewidths of PL and PLE spectra are plotted in Fig. 2
functions of Mn content. Experimental points can be sa
factory described by a linear dependence FWHMPLE
5124x @meV#. Keeping in mind that PLE spectra reflect a
sorption spectra and that a FWHM is equal to twiceDE
introduced in Sec. II C, we find thatDE'62x @meV#. We
will use this dependence below for the evaluation of the
citon localization radius from Eq.~11!.

The magnetic-field-induced polarization degreerc(B)
presented in the inset of Fig. 3 for a Cd0.86Mn0.24Te alloy
shows a linear increase at low fields with saturation at
level of about 1.0~i.e., 100% polarization!. A linear slope of
rc(B) at low fields u5drc /dBuB50 is determined by the
magnetic susceptibility, which decreases strongly for hig
Mn concentrations.15 The respective decrease ofu(x) depen-
dence for largerx is clearly observable in Fig. 3.

Energies of exciton magnetic polarons in Cd12xMnxTe
alloys have been reported in Ref. 10~see Fig. 7 in this ref-
erence!. They were measured by the method of selective
citation. Localized excitons were excited resonantly at en
gies below the exciton mobility edge. Under the
experimental conditions only the magnetic relaxation via
magnetic polaron formation contributes to the Stokes shif
the PL line away from the excitation energy. The value
this Stokes shift can be associated with the magnetic pola
energyEp introduced by Eq.~2!. For the experiments per
formed under steady-state excitation conditions, the Sto
shift coincides with the equilibrium polaron energyEp only
if the exciton lifetimet is longer than the magnetic polaro
formation timet f , i.e., t f /t,1.9 It has been established i
Ref. 10 that for Cd12xMnxTe alloys this situation is realized
for x>0.17. For alloys withx,0.17,Ep can be determined
from the saturation level of the polaron shift in time-resolv
experiments. In the following, in order to estimate the ho
localization volume along Eq.~4!, we will take time-resolved
data for x,0.17 and steady-state data forx>0.17. For
Cd0.9Mn0.1Te, where the saturation level was not establish
in the time-resolved experiment, we use an extrapola
value forEp of 10 meV. The values of the magnetic polaro
energies for the studied samples are included in Table I.

IV. COMPARISON OF DIFFERENT METHODS
AND DISCUSSION

Composition dependences of the exciton localization
dius, determined with different methods, are shown in Fig
The dependences ofr 0 on x, determined from thex depen-
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dence of line widths, are shown by lines for three charact
istic cases of the exciton localization:~i! r h@r e (dEB /dx
5dEC /dx), ~ii ! r h!r e (dEB /dx5dEV /dx), and ~iii ! r h
'r e (dEB /dx5dEg /dx). It is important to note here that
the methods involving spin-related effects give values of t
localization radius of the hole, due to the greater value of t
exchange constant in the valence band of Cd12xMnxTe.

It is seen from Fig. 4 that these methods give dependen
r h(x) which are in a good agreement to each other. A co
parison of these results with values obtained from the lin
width analysis allows to conclude about the relation betwe
localization radii of the electron and the hole in the excito
Actually, r 0(x) calculated assumingr h'r e proves to be in a
very good agreement with the results of spin-related me
ods. To the contrary, the assumption that the linewidth
governed by the hole, which implies the relationr h!r e ,
leads to obvious contradiction with the results of spin-relat
methods, since it gives too small values ofr h . Calculations
for the case of the predominant contribution of the electr

FIG. 4. Comparison of values of the localization radius
Cd12xMnxTe alloys, determined by different methods suggested
this paper: closed circles are from the MP energy@Sec. II A, Eq.
~4!#; open circles are from the polarization of PL@Sec. II B, Eq.
~7!#; lines are from linewidths@Sec. II C, Eq.~11!# for different
relative values ofr h and r e .
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~corresponding tor h@r e! give the value of the electron ra
dius, close to one of the hole, thus being in contradiction
the starting premise.

Good coincidence of all methods for the caser h'r e is not
very surprising for Cd12xMnxTe. In the studied materials 2/3
of the band offset is allotted to the conduction band, but,
the other hand, the electron effective mass is considera
smaller than one of the heavy hole. As a result, a grea
amplitude of the localizing random potential for the electr
comparative to the hole is compensated by a stronger de
dence of the electron kinetic energy on the localization
dius. This conclusion is also in line with the results of Re
16, where magnetic polaron energy was studied as a func
of the hole effective mass under anisotropic strain. It w
shown that extreme cases of predominant contributions
either electron or hole in the exciton localization do not pr
vide a good fit to the experimental data.

In conclusion, by use of peculiar properties of dilute
magnetic semiconductors, we have attempted an invest
tion of the exciton localization in Cd12xMnxTe alloys. The
data on localization radii, obtained by three independ
methods, are in good agreement to each other. This pro
the validity of the starting assumptions. A tentative conc
sion can be made that localization radii of the electron a
the hole in an exciton are close to each other, which is r
sonable for semiconductor alloys with cation substitutio
The method to determine the localization radii using the d
pendences of linewidths on the alloy composition, which
verified in this work by a comparison with spin-related met
ods, is applicable also to non-magnetic materials.
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